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1
CONVERTIBLE SCOOTER

CROSS-REFERENCE TO RELATED
APPLICATION

The current application claims priority to U.S. Provisional

Patent Application Nos. 62/364,593, entitled “Convertible
Scooter” to Etzelsberger et al., filed Jul. 20, 2016; 62/383,

269, entitled “Convertible Scooter” to Etzelsberger et al.,
filed Sep. 2, 2016; and 62/434,384, entitled “Convertible
Scooter” to Etzelsberger et al., filed Dec. 14, 2016 the

disclosures of which are incorporated herein by reference.

FIELD OF THE INVENTION

Compact, foldable electric vehicles are described.

BACKGROUND OF THE INVENTION

A common difliculty encountered in public transport 1s 1n
trying to move people from a transportation hub, like a
railway station, bus stop, etc. to their desired destination, or
from their origination point to a transport hub. These prob-
lems are referred to as the ‘last mile’ or ‘first mile” problem,
respectively. Where the population of a place 1s not dense,
like 1n areas where there are extensive suburbs and exurbs,
this difliculty can become chronic making public transport
impractical. A number of solutions have been proposed to
overcome this problem, including community transportation
such as feeder transport and ride or car sharing programs,
however, these methods require a social infrastructure that 1s
often either not available or not extensive enough to meet
commuter needs. Other solutions involve various forms of
portable transport, such as bicycles. Most of these personal
forms of transportation are relatively bulky and present
challenges 1n storage at both ends of the commute, as well
as transport within most public transport systems.

Accordingly, a need exists for personal transport devices
and 1nfrastructure capable of addressing the ‘last mile’/ “first
mile’ challenge.

BRIEF SUMMARY OF THE INVENTION

The application 1s directed to portable electric vehicles
and 1nfrastructure for portable electric vehicles that are
convertible into handcarts.

Many embodiments are directed to a foldable vehicle
including;

at least two wheel-bearing structural members having first

and second ends and defining a wheel-bearing struc-
tural member longitudinal axis, each of said wheel-
bearing structural members having at least one wheel
assembly 1nterconnected to the second end thereof and
two wheel bearing structural member pivot intercon-
nections disposed along the lengths thereof;

at least one seat-bearing structural member having first

and second ends and defining a seat-bearing structural
member longitudinal axis, the seat bearing structural
member having a seating platform interconnected to the
second end thereof and at least two seat-bearing pivot
interconnections disposed along the length thereotf; and
wherein the at least one wheel-bearing structural member
pivot interconnection disposed on the end of each of the
wheel-bearing structural members distal to the wheel
assemblies are pivotably interconnected, and wherein
the at least one wheel-bearing structural member pivot
interconnections disposed on the lengths thereof are
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2

pivotably interconnected with the seat-bearing pivot

interconnections and are configured to cooperatively

interconnect to form a vehicle pivot mechanism such
that the structural members are pivotably intercon-
nected to move between at least two configurations:

a first riding configuration wherein the longitudinal
axes ol the two wheel-bearing structural members
and the seat-bearing structural members have angu-
lar ofisets relative to each other, and

a second folded configuration wherein the longitudinal
axes ol the two wheel-bearing structural members
and the seat-bearing structural member are roughly
parallel.

In other embodiments, the foldable vehicle includes a
steering mechanism interconnected with at least one of said
wheel-bearing structural members and configured to change
to directional orientation of at least one wheel assembly
relative to the vehicle. In some such embodiments the
vehicle 1ncludes a front wheel-bearing structural member
and a rear wheel-bearing structural member.

In still other embodiments, the foldable vehicle includes
a front wheel assembly lock configured to prevent changes
to the directional orientation of the wheel assembly of the
front wheel-bearing structural member when 1n the folded
configuration.

In some such embodiments at least a portion of the front
wheel-bearing structural member defines an internal volume
having an energy storage device disposed therein.

In yet other embodiments, the steering mechanism 1s at
least one handlebar, and wherein the height and angle of the
handlebar relative to the vehicle 1s adjustable.

In still yet other embodiments, the foldable wvehicle
includes a pivot locking mechanism configured to disen-
gageably lock the structural members 1n at least the closed/
compact configuration. In some such embodiments, the
pivot locking mechanism includes a latch disposed on the
seat-bearing member and configured to engage at least one
of the at least two wheel—bearing structural members.

In still yet other embodiments, the rear wheel-bearing
structural member 1s tubular.

In still yet other embodiments, the foldable vehicle
includes a locking mechanism disengagement element dis-
posed on the seat-bearing structural member and configured
to disengage when the seat-bearing structural member 1s
pivoted upward relative to the axial alignment of the seat-
bearing structural member in the second compacted con-
figuration.

In still yet other embodiments, the foldable wvehicle
includes a seat support element engaged at a first end thereof
along the length of the seat-bearing structural member and
slidingly engaged at a second end thereof along the length of
one of the at least two wheel-bearing structural members
such that a roughly triangular configuration i1s formed
between the seat-bearing structural member, the at least one
wheel-bearing structural member and the seat support ele-
ment. In some such embodiments, the axis of the seat
support element 1s roughly orthogonal with the axis of the
seat-bearing structural member. In some such embodiments,
the seat support element comprises a resilient wheel or
cylinder.

In still yet other embodiments, the vehicle includes two
wheel-bearing structural members, a front wheel-bearing
clement having a front wheel assembly with a single wheel,
and a rear wheel-bearing element having a rear wheel
assembly with at least one wheel. In some such embodi-
ments the rear wheel assembly comprises at least two wheels
interconnected via a fixed axle.
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In still yet other embodiments, the foldable vehicle
includes at least one electric motor disposed within at least
one ol the wheel assemblies and an energy storage device
interconnected therewaith.

In still yet other embodiments, the foldable vehicle
includes an electronics interconnection disposed thereon, the
clectronics iterconnection in signal commumication with at
least one sensor configured to deliver information on at least
one vehicle parameter and deliver information from the at
least one sensor to the personal electronic device. In some
such embodiments, the at least one vehicle parameter 1s
selected from the group consisting of vehicle speed, energy
consumption, energy reserve, mileage, and direction.

Additional embodiments and features are set forth 1n part
in the description that follows, and 1n part will become
apparent to those skilled 1n the art upon examination of the
specification or may be learned by the practice of the
disclosure. A further understanding of the nature and advan-
tages of the present disclosure may be realized by reference
to the remaining portions of the specification and the draw-
ings, which forms a part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The description will be more fully understood with ref-
crence to the following figures, which are presented as
exemplary embodiments of the invention and should not be
construed as a complete recitation of the scope of the
invention, wherein:

FIGS. 1a to 1c¢ provide side views of a foldable electric
vehicle 1n an open riding configuration 1n accordance with
embodiments of the mvention.

FIGS. 2a and 26 provide side views of a foldable electric
vehicle 1n a compacted configuration 1n accordance with
embodiments of the mmvention.

FIGS. 3a and 35 provide side, rear and perspective views
ol a three-wheeled foldable electric vehicle 1n accordance
with embodiments of the imnvention.

FI1G. 4 provides a side view of a seat support for a foldable
vehicle 1 accordance with embodiments of the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Turning now to the drawings, foldable electric vehicles
are described. In many embodiments, the foldable electric
vehicle generally comprises a plurality of structural mem-
bers all cooperatively moveable between a folded position
wherein the structural members are in a compact configu-
ration suitable for storing and transporting the vehicle, and
an open position wherein the structural members are 1n a
riding configuration suitable for the operation of the vehicle.
In many such embodiments, the pivotable structural mem-
bers may have disposed thereon wheels, motors, charge
storage devices, power distribution and control circuits,
motor and vehicle controls and instruments, accessories and
all other necessary devices and structures for the operation
of the vehicle.

In some embodiments, the vehicle comprises two wheel-
bearing structural members (front and rear structural mem-
bers), and a seat structural member that are all pivotally
interconnected along their lengths such that they may be
moved between a closed position wherein the three struc-
tural members are disposed roughly parallel to each other in
a compact folded configuration, and an open riding configu-
ration wherein a downward acute angle 1s formed between
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the two structural wheel-bearing structural members, and the
seat structural member 1s disposed 1n a position to support a
rider atop the vehicle.

In many embodiments, a plurality of pivot points exist
between the three structural members. In various embodi-
ments each of the structural members includes at least two
pivot points, one on each member to interconnect the
member to the other members. In some embodiments the
front and rear structural members are pivotably intercon-
nected each at an end thereof distal to the wheels, and the
front and rear structural members are also pivotably inter-
connected each to the seat member at a point along their
length, to form an overall ‘A-frame’ configuration for the
vehicle when 1n the riding position. In some embodiments
the seat member 1s attached to the front wheel member at an
end thereol distal to the seat, and 1s attached to the rear
wheel at a point along 1ts length between the front member
pivot point and the seat. In some such embodiments the
pivot interconnection between the rear structural member
and the seat member includes an elongated bracket such that
movement of the members 1s linked. In other embodiments
the seat arm includes a locking mechanism, such as, for
example, a latch arm that engages against the end of the rear
structural member distal to the rear wheel such that the
vehicle 1s locked into the folded configuration.

In many other embodiments one of the structural mem-
bers 1s configured to enclose a power source, such as, for
example, a battery or plurality of batteries. In many embodi-
ments this power source enclosing structural member 1s
disposed as the front structural member of the vehicle, and
bears the front wheel thereof. In many embodiments, the
pivotable second wheel-bearing structural member includes
one or more rear wheels at the distal end thereof. It will be
understood that the rear wheel assembly may include a
single wheel or multiple wheels interconnected via an axle.

In various embodiments, the front wheel-bearing struc-
tural member comprises a pivotable portion proximal to the
wheel that 1s pivotably interconnected to a steering mecha-
nism disposed at the end of the front wheel-bearing struc-
tural member distal from the wheel. In some such embodi-
ments the steering mechanism comprises at least a handlebar
of any suitable design. In some embodiments the front
wheel-bearing structural member 1s a hollow volume,
wherein at least the pivotable portion of the member forms
a volume 1nto which a energy storage device 1s disposed.

The folding mechanism of the vehicle, in many embodi-
ments, interconnects the three structural members of the
vehicle 1n a configuration that allows the disengagement of
the riding position and the folding of the structural members
of the vehicle via the mampulation of one of the structural
members of the vehicle. In some such embodiments, the
folding mechanism 1s disengaged by manipulating the seat
bearing structural member of the vehicle. In other embodi-
ments a locking latch mechanism 1s provided to prevent the
unfolding of the vehicle once 1n a compact configuration
absent the disengagement of the latch. In various such
embodiments the latch mechanism engaged the top of the
rear wheel bearing member when 1n a compact configuration
thereby preventing the members from pivoting relative to
one another.

As shown 1n FIGS. 1a to 1¢, in many embodiments a
foldable vehicle 1s provided comprising at least three struc-
tural members: a front wheel-bearing structural member (12)
having disposed at the distal end thereon at least a front
wheel assembly (13), a rear wheel-bearing structural mem-
ber (14) having disposed at the distal end thereon at least a
rear wheel assembly (15), and a seat-bearing structural




US 10,654,541 B2

S

member (16) for supporting a rider while operating the
vehicle. These structural members are pivotally connected
cach to the other through a plurality of pivot points (18, 19,
20 and 21) that allows movement of the structural members
from an open riding configuration, shown 1n the embodi-
ments shown in FIGS. 1a and 15, to a folded compact
configuration, shown in the embodiments shown in FIGS. 2q
and 2b.

As shown, 1n FIG. 1a, the relative arrangement of the
structural members of the vehicle 1n these configurations
may be defined by the axial arrangement of the structural
members relative to each other, wherein each structural
member 1s defined by an axis (22, 23 and 24). In some
embodiments in the open riding configuration the front and
rear structural members (12 & 14) are positioned such that
a downward acute angle (26) 1s created between the axes (23
& 24) of the two wheel-bearing structural members.
Although a particular angular arrangement i1s provided in
FIGS. 1a and 15, it should be understood that any angle
suitable to form a usable riding configuration may be formed
depending on the specific arrangement and geometry of the
wheels and structural members desired. For example, a
suitable angle may be determined by factors such as the
distance between the wheels of the vehicle, the height of the
seat to the ground, eftc.

In addition, 1n some embodiments of this open nding
configuration the seat-bearing structural member (16) 1is
pivoted such that i1ts axis (22) 1s disposed at an angle relative
to the ground such that a riding platform (28) 1s formed on
which a nder may be seated to operate the vehicle. As shown
in FIG. 1a, 1n some embodiments the riding platform (28)
may be configured such that 1ts axis (22) 1s roughly parallel
to the ground. In other embodiments adjustment mecha-
nisms may be provided to adjust the position of the riding
platform relative to the wheel-bearing structural members as
desired by the rider. In such embodiments adjustments might
include height relative to the ground, distance relative to the
handlebars (29), angle relative to the pivot points (19 & 21),
ctc. Although one embodiment of a riding platform (28)
comprising a bicycle-style seat 1s shown 1n FIG. 1a, 1t will
be understood that the riding platform may take any form.,
style or shape suitable to support a nder.

As shown 1n FIGS. 2a and 256, 1n many embodiments, in
the compact folded configuration the front, rear and seat
structural members (12, 14 & 16) are all pivoted about the
pivot such that their axes (22, 23 & 24) are disposed roughly
parallel to each other. In some embodiments of the vehicle,
such as the one shown in FIG. 15, the axes (22, 23 & 24) of
the structural members are disposed parallel on to the other,
and the structural members (12, 14 & 16) themselves are
moved into a configuration i which they are positioned
adjacent to one another. In one such embodiment, the
pivoting of the structural members comprises a scissoring
motion about the pivot points such that the distal ends of
cach of the structural members (30, 31 & 32) come together
to face 1n a single direction, again as shown in FIG. 2a, for
example. In some such embodiments, the seat (28) disposed
on the seat-bearing element 1s positioned upward above the
ends (30 & 32) of the wheel-bearing structural elements
distal from the wheels.

Additional views of the vehicle of FIGS. 1a and 2a, 1n
open and closed positions, 1n partial phantom to show the
internal mechanism are provided in FIGS. 15 and 2b.

Although the above description and the embodiments of
the vehicle shown in FIGS. 1a and 2a, describe an electric
vehicle having a two-wheel configuration (in which the front
wheel assembly (13) comprises a single wheel and the rear
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wheel assembly (15) comprises a single wheel), 1t will be
understood that other wheel configurations may be provided
that have considerably the same elements and operate 1n a
manner commensurate to that described above. For example,
the vehicle may have a three wheel configuration (in which
the rear wheel assembly comprises a pair of double wheels),
or the vehicle may have a four-wheel configuration (in
which the rear wheel assembly has a single main wheel and
a pair of convertible or foldable wheels that may extend on
either side of the main wheel to provide additional stability.

Turning now to the detailed construction of the vehicle,
several of the elements comprising the vehicle will be
described, including the front and rear wheel-bearing struc-
tural members, and the seat-bearing structural member and
all attendant structures and accessories. Examining first the
front wheel-bearing structural member, FIGS. 15 and 2b
provide 1llustrations of embodiments of the vehicle (10) and
the front wheel-bearing structural member (12).

As shown 1 FIGS. 15 and 25, in many embodiments the
vehicle (10) comprises a front wheel-bearing structural
member (12) having at least one front wheel assembly (13)
mounted thereto, and a steering mechanism, such as a
handlebar or other suitable structure (34) interconnected
therewith. In some such embodiments, the steering mecha-
nism (34) can be used to alter the orientation of the front
wheel assembly (13) relative to the vehicle, and thus to steer
the vehicle when 1n the open/riding position (FIG. 15), and
to maneuver the vehicle when 1n the closed/compact posi-
tion (FIG. 2b). Although in the embodiments shown in
FIGS. 3a to 3d, the wheel assembly might be fixedly
attached to the front wheel-bearing assembly, and the entire
front wheel-bearing assembly could be pivotable relative to
the remaining vehicle structure through a pivotable inter-
connect (36), in other embodiments the wheel assembly (13)
may 1tself pivotally interconnected to the front wheel-
bearing structural member (12) through a rotatable pivot
interconnection. Regardless, in many embodiments the
steering mechamsm may be mnterconnected relative to the
wheel assembly and front wheel-bearing structural member
such that the orientation of at least the front wheel relative
to the remainder of the vehicle may be altered.

Although a specific “T7-shaped handlebar steering
mechanism (34) 1s shown 1n the figures, i1t will be understood
that the steering mechanism may be of any shape suitable
and dimension such that a nder may use the mechamsm to
alter the directional motion of the vehicle. For example, a
“U”-shaped handle bar steering mechanism may be contem-
plated. In addition, 1n some embodiments the height of the
steering mechanism may also be adjustable, such as, for
example, via a telescoping mechanism, for convenience and
comfort of use, and 1n some embodiments to allow the
steering mechanism to be collapsed for storage such that the
height of the handle bars do not extend above the height of
the remainder of the vehicle. In embodiments, the steering
mechanism may have handles that extend out from the sides
of framework, such as m a “I” configuration the handle
extensions may retract or fold into a more compact form.

Although not shown, 1n various embodiments the steering
mechanism (34) may be pivoted between an open position in
which the axis of the steering mechanism 1s angled away
from the axis (20) of the front wheel-bearing structural
member (12), and a closed compacted position, 1n which the
axis of the steering mechanism 1s aligned along the vertical
axis of the front wheel-bearing structural member. In many
embodiments, 1t may be desirable to prevent motion of the
front wheel assembly relative to the vehicle 1n the compact
tolded or closed position, 1.e., to lock the orientation of the
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wheel relative to the vehicle. In such embodiments a wheel
locking mechanism may be provided to prevent the wheel
and/or wheel assembly (13) from changing orientation rela-
tive to the vehicle in such a folded closed configuration.
Although any suitable wheel locking mechanism may be
provided, in the embodiments shown the pivotable portion
(38) of the front wheel bearing member may be pressed
against the rear wheel bearing member (14) such that 1t
cannot pivot relative thereto when 1n the compacted con-
figuration. Although not shown some embodiments a tab or
other element may also be provided on the pivotable portion
of the wheel or wheel assembly such that in the close folded
configuration the tab engages the adjacent rear wheelbearing
assembly or other immobile portion of the vehicle to prevent
independent motion of the wheel or wheel assembly, and
thereby a change 1n the orientation of the wheel and/or wheel
assembly relative to the vehicle.

Turning now to the construction of the front wheel-
bearing assembly (12), as shown in FIG. 25, in many
embodiments the front wheel-bearing structural member 1s
formed of an elongated body that may be made hollow such
that the body defines an interior volume (40). The structural
member may be formed from any material suitable to
provide suflicient structural support to the vehicle, such as,
for example, a metal, composite, or polymer. In many
embodiments, as shown i FIG. 25, the front wheel-bearing
structural member (12) may include fenestrations (42) along
the eclongated body. Although certain fenestrations are
shown 1n the figures, the number and configuration of such
fenestrations may take any geometry or shape suitable
maintain the structural integrity of the structural member.

In many embodiments, as shown in FIG. 15 for example,
the front wheel-bearing structural member (12) may further
comprise a pair of pivot hinge brackets (44 & 46) disposed
along 1ts length and configured such that the front main pivot
hinge brackets may be cooperatively coupled with the main
pivot hinge brackets provided on the rear wheel-bearing
structural member (48) and the seat-bearing structural mem-
ber (50) to form the vehicle pivot mechanism to allow the
front wheel-bearing structural member (12) to pivot relative
to the other structural members (14 and 16) that form the
structure of the vehicle. Such a front main wheel-bearing
structural member may also comprise a pivot indentation
(52) configured and disposed to allow a portion of the pivot
mechamism to fold therein when the vehicle 1s moved 1nto
the compact or folded configuration.

The front wheel-bearing structural member may also
comprise certain accessories (not shown), such as, for
example, lights, charging connections, personal electronic
docking connections, etc. Although the energy storage and
vehicle propulsion systems may be distributed across the
various structural members and elements of the vehicle, 1n
many embodiments the energy storage elements, such as, for
example, one or more batteries (39) may be disposed within
the internal volume (40) of the front wheel-bearing struc-
tural member along with any required electronics, electric
interconnections, etc. necessary for the operation of the
electric vehicle, as shown 1n FIG. 1c

As shown in FIG. 1b, the front wheel assembly (13)
generally comprises a wheel (54a) rotatable interconnected
with the assembly, such as via an axle (54b) or other suitable
rotatable interconnection. The front wheel assembly may
also include front footrests (not shown), which may take any
suitable form, such as, for example, a peg or pedal. Such a
footrest may be foldable or retractable to reduce the profile
of the footrest relative to the wheel assembly. Finally, the
wheel assembly may include other accessories, such as, for
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example, a fender or mud-flap (not shown) mounted about
the wheel to decrease water or other debris from being
splattered against the rnider during operation. Suitable fend-
ers may be attached through fenestrations (42) provided 1n
the wheel-bearing assembly (12). Although the motor or
other propulsion means may be distributed across the
vehicle and interconnected via suitable drive interconnec-
tions, 1n many embodiments the vehicle propulsion mecha-
nism (not shown) may be disposed within the wheel assem-
bly, such as within the hub (54¢) of the wheel to provide
motive force to the vehicle. In many such embodiments the
propulsion mechanism may include an electric motor dis-
posed within the hub of the wheel of the wheel assembly
(13) and electrically interconnected with the energy storage
clements disposed elsewhere 1n the vehicle.

Examining now the rear wheel-bearing structural mem-
ber, FIGS. 15 and 26 provide views of embodiments of the
vehicle (10) and the rear wheel-bearing structural member
(14). As shown, in many embodiments the vehicle (10)
comprises a rear wheel-bearing structural member (14)
having a seat-bearing assembly (16) and front wheel struc-
tural member (12) interconnected therewith. In such
embodiments, the rear wheel-bearing structural member
(14) 1s mnterconnected at an end distal to the rear wheel (56)
to the front wheel-bearing structural member (12) through a
pivot interconnection (44/48), and a seat-bearing structural
member (16) which 1t 1s pivotally interconnected with along
its length through an elongated linking bracket (58) con-
nected at 1ts first end (60) with the rear wheel-bearing
assembly (14) and at its second end (62) along the length of
the seat-bearing structural member (16) via a pair of p1vot-
able 1interconnections (60/62) which links the movement of
the rear wheel-bearing structural member and the seat-
bearing post such that when one pivots the other pivots. In
vartous embodiments the elongated linking bracket folds
into the folding indentation (52) when the vehicle 1s 1n the
compacted configuration, as shown in FIG. 2b.

The seat-bearing structural member (16) in some such
embodiments may be further interconnected with the rear
wheel-bearing structural member (14) through a fourth
structural member referred to herein as a seat support
clement (64), as shown i FIG. 1b, to provide further
weight-bearing support to the seating platform (28) of the
seat-bearing structural member during operation of the
vehicle. In many embodiments, as shown, the seat support
clement comprises a wheel configured to support the seat
bearing member (16) and seat platiorm (28) when 1n a riding
configuration, and to roll along the rear-wheel bearing
member (14) during compaction, as shown in FIG. 2b.
Although a seat support element comprising a rotatable
clement (such as cylinder or wheel for example) 1s shown
and described 1n the figures 1t will be understood that
alternative designs may be used including a non-rotatable
resilient member, such as a shock-absorber or other such
clement. Such alternative seat supporting elements may be
disconnectable from the rear-wheel bearing member, such as
1s shown 1n the figures, or may be interconnected therewith
throughout the movement of the members from riding to
compacted configurations.

As shown 1n FIG. 15, the rear wheel-bearing structural
member (14) further comprises a rear wheel assembly (15)
at a second end (66) distal from the pivot assembly (44/48).
Turming now to the construction of the rear wheel-bearing
assembly (15), as shown 1n FIG. 25, in many embodiments
the rear wheel-bearing structural member 1s formed of an
clongated body that may be made hollow such that the body
defines an interior volume. Although the structural member
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1s shown as being tubular, 1t will be understood that the
member may take any suitable cross-section. The structural
member (14) may also be formed from any material suitable
to provide suflicient structural support to the vehicle, such
as, for example, a metal, composite, or polymer. Although
not shown, in many embodiments the weight of the rear
wheel-bearing structural member may be lightened by
including fenestrations along the body thereof.

As further shown i FIG. 2b, for example, in many
embodiments, the rear wheel-bearing structural member
(14) may comprise, at its lower end, an interconnection point
(64) such that a wheel assembly (15) may be interconnected
therewith. In some such embodiments, such an interconnec-
tion may comprise a rear axle such that the wheel may rotate
relative to the rear wheel-bearing assembly.

In many embodiments, as discussed 1in relation to FIGS.
156 and 2b, the rear wheel-bearing structural member (14)
may further comprise a pair of rear main pivot mnterconnects
(48 & 60) disposed along 1ts length and configured such that
the rear pivot interconnects may be cooperatively coupled
with the pivot interconnections on the other structural mem-
bers (12 and 16) to combine to form the vehicle main pivot
mechanism to allow the rear wheel-bearing structural mem-
ber (14) to pivot relative to the other structural members (12
and 16) that form the structure of the vehicle.

Although not shown, other accessories may be included
with the rear wheelbearing structural member, including
lights, charging connections, personal electronic docking
connections, luggage racks, etc. Although the energy storage
and vehicle propulsion systems may be distributed across
the various structural members and elements of the vehicle,
in many embodiments the energy storage elements, such as,
for example, one or more batteries may be disposed within
the internal volume of the rear wheel-bearing structural
member along with any required electronics, electric inter-
connections, etc. necessary for the operation of the electric
vehicle.

As described above a rear wheel assembly (15) 1s
mounted to the lower end of the rear wheel-bearing struc-
tural member (14). As shown 1n the figures, this rear wheel
assembly may comprise one or multiple wheels (56) 1n
accordance with embodiments of the vehicle. In many
embodiments, as discussed 1n relation to FIG. 254, the rear
wheel assembly (15) comprises an axle (68) fixedly attached
at the lower end (66) of the rear wheel-bearing structural
member (14). In some embodiments this fixed axle may
comprise one or a plurality of wheels (67), such as on a
pivotable or unpivotable truck (69), as shown 1 FIGS. 3a
and 3b. Although not shown, 1n some embodiments the rear
wheel assembly (15) may include resilient members, such as
shock absorbing springs, to provide a shock dampening to
the vehicle. In some such embodiments, the wheel or wheels
of the rear wheel assembly may also be aflixed to the rear
wheel bearing structural member (14) 1n a configuration that
would allow the wheels to move relative to the rear wheel-
bearing structural member. (Examples of suitable rear wheel
configuration may be found in US Patent Pub No. US2016/
0347397, the disclosure of which 1s incorporated herein by
reference.)

Finally, 1t will be understood that in many embodiments
the either the front or rear wheel assemblies may be con-
figured as a removable and/or interchangeable structure,
such that the wheels of the vehicle may be removed and the
vehicle can be reconfigured between a single or dual-wheel
design as desired by the user. This interchangeability can be
accomplished by interconnecting one or both of the front or
rear wheel assemblies (whether single or dual wheel design)
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via removable bolts, or a quick-connect attachment, such as,
for example, a spring-loaded pin, latch, or other coupling. In
embodiments where a two-wheel vehicle design 1s desired,
the vehicle may further include a kickstand or otherwise
retractable support, such that the vehicle may stand when
unattended by the user.

Examining now the seat-bearing structural member,
FIGS. 1b and 26 provide perspective views ol the seat-
bearing structural member (16) and the seat-bearing struc-
tural member support (64), respectively. As shown 1n FIG.
1a, in many embodiments the seat-bearing structural mem-
ber (16) generally comprises an elongated structural member
having at one end distal to the seat platiorm (28) a seat pivot
bracket (46/50) interconnectable to the front wheel-bearing
member. In some embodiments the seat-bearing member
also comprises a second pivot interconnection (62) inter-
connected through the linkage bracket (38) to the rear
wheel-bearing member. Together the pivot interconnections
are configured to cooperatively interconnect with the pivot
interconnections of the front and rear wheel-bearing struc-
tural members (12 and 14) to form the main vehicle pivot
mechanism to allow the seat-bearing structural member (16)
to pivot relative to the other structural members (12 and 14)
that form the structure of the vehicle.

Such a seat pivot mechanism may also comprise a locking
mechanism configured to engage a cooperative locking
mechanism on one or more of the other structural members
(12 and 16) of the vehicle to prevent unintended movement
of the structural members relative to one another. In some
embodiments, as shown in FIGS. 15 and 2b, the locking
mechanism comprised of a movable lock disengagement
latch (70) configured to engage a cooperative locking struc-
tural portion of the rear wheel bearing structural member (as
shown 1n FIG. 2b) such that the engagement and disengage-
ment of the locking mechanism 1s activated by manipulating
the seat-bearing structural member, as will be described 1n
greater detail below.

In many embodiments, as shown i FIG. 25, the seat-
bearing structural member (16) also comprises a seat-bear-
ing structural member support bracket for connecting the
seat-bearing structural member (64). In some embodiments
the seat-bearing structural member may be formed of a
rotatable element (such as, for example, a cylinder or wheel)
formed of a resilient material, such as, for example, rubber
or other polymeric material. In such embodiments, the
resilient seat-bearing structural member may be slidingly
interconnected with the rear wheel-bearing structural mem-
ber (14) to form a triangulated support structure that canti-
levers the seat-bearing structural member (16) into a riding
position 1n the open/riding configuration of the vehicle to
dampens the shocks or bumps of the road such that the rider
experiences a smoother ride.

In various other embodiments, as shown 1n FIG. 4, the
seat-bearing structural member may include a resilient mem-
ber (74) (e.g., a shock absorber or other spring or pneumatic
clement) for dampening any shocks and bumps such that
they are not transmitted fully to the seat (28).

The seat-bearing structural member (16) may also com-
prise certain accessories, such as, for example, lights, charg-
ing connections, personal electronic docking connections,
(not shown), etc. Although the energy storage and vehicle
propulsion systems may be distributed across the various
structural members and elements of the vehicle, 1n many
embodiments the energy storage elements, such as, for
example, one or more batteries may be disposed within the
internal volume of the seat-bearing structural member along
with any required electronics, electric interconnections, etc.
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necessary for the operation of the electric vehicle. The
structural member may be formed from any material suitable
to provide suflicient structural support to the vehicle, such
as, for example, a metal, composite, or polymer. As shown
in FI1G. 25, in many embodiments the seat-bearing structural
member may include fenestrations (72) along the elongated
body thereof. Any number and configuration of such fenes-
trations may take any geometry or shape suitable maintain
the structural integrity of the structural member. The posi-
tion of the seat-bearing structural member (16) and/or the
seat platform (28) may be adjustable relative to the remain-
der of the vehicle. In such embodiments adjustments might
include height relative to the ground, distance relative to the
handlebars, angle relative to the other components, eftc.
Although one embodiment of a seating platform (28) com-
prising a bicycle-style seat 1s shown 1n FIG. 2b, 1t will be
understood that the riding platform may take any form, style
or shape suitable to support a nider.

As shown 1n detail in FIGS. 1a and 156, each of the
structural members includes a plurality of cooperative pi1vot
interconnections (44/48, 46/50, 60 & 62), each of which
engage and pivot during compaction or expansion oi the
vehicle. In many embodiments each of the pairs of coop-
erative pivot hinge mterconnections are disposed 1n a nested
arrangement, wherein the seat pivot interconnections (19 &
20) form the outer elements relative to the front wheel-
bearing and rear wheel-bearing members, and the front pivot
hinge bracket (18) forms the outer element relative to the
rear wheel-bearing member, although this configuration may
be reordered without effecting the operation or function of
the folding function of the vehicle.

In many embodiments, as will be described 1n relation to
FIGS. 15 and 2b, the vehicle pivot mechanism may further
comprise a cooperative locking mechanism configured to be
moved between a first locking position where the vehicle,
including structural member and seat-bearing post, are dis-
posed and secured 1n the compacted position, and a second
unlocked position where the vehicle 1s disposed in an
open/riding position. Although such a cooperative locking
mechanism may take any suitable form, i some embodi-
ments, as shown 1n the figures, the mechanism may take the
form of a latch mechanism (70). In one such embodiment, a
pivotable latch member (70) 1s disposed in association with
the seat-bearing member (16) and 1s configured to disengage
and engage a cooperative portion of the rear wheel-bearing
member (14) formed 1nto the top portion of the member. In
embodiments the locking latch (70) 1s disengaged from the
closed/compacted position by pulling up on the seat-bearing
structural member (16). Again, 1t should be understood that
although a specific arrangement of cooperative locking
clements are described, any suitable locking mechanism and
arrangement of elements may be provided. In many embodi-
ments, such locking mechanisms and arrangements are
configured such that the locking mechanism 1s disengaged
by lifting the seat-bearing structural member. Likewise,
although only two locking positions are described above, 1t
will be understood that intermediary locking positions may
be defined such that desirable vehicle configurations may be
stably formed.

Turning now to the operation of the folding mechanism of
e electric vehicle (10), as described above, and as will be
1scussed 1n relation to the figures, 1n many embodiments
ne two wheel-bearing structural members (12 and 14), and
ne seat bearing structural member (16) of the vehicle (10)
are all pivotally interconnected such that a single folding
mechanism operates to moveably reposition all the structural
members of the vehicle cooperatively. As shown, in many
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embodiments the folding mechanism comprises a plurality
ol pivot interconnection about which each of the structural

members (12, 14 and 16) are pivotally interconnected. A
locking mechanism (70) comprising, in many embodiments,
a latch arrangement, disposed along the seat bearing struc-
tural member (16) may also be provided to lock the struc-
tural members of the vehicle mnto the compact configura-
tions. In many such embodiments the locking mechanism
(70) 1s disengaged by manipulating the seat-bearing struc-
tural member (16), such as, for example, by lifting upward
on the structural member.

During operation of some embodiments, the locking
mechanism (70) 1s disengaged from the closed/compacted
position by pulling up on the seat-bearing post (16), as
shown 1n FIGS. 1a and 24. In some such embodiments, the
locking mechanism (70) includes a latch mechanism,
wherein the seat lock disengagement latch of the seat-
bearing structural member (16) engages the top of the rear
wheel-bearing structural member (14). In addition, 1n some
embodiments the seat-bearing support (64) slides along the
rear wheel-bearing member (14) during compaction. In
addition, although not shown 1n some embodiments a resil-
ient member, such as a spring may be provided to apply a
resilient guiding force to the interconnections thereby assist-
ing in advancing the movement and operation of the folding
mechamism of the vehicle.

It should be understood that although the illustrated
embodiments show specific configurations of locking
mechanisms, including particular geometries, dispositions
and configurations of pins, channels, grooves, notches, etc.
that these elements could be modified substantially while
maintaining the functionality of the vehicle folding mecha-
nism such that a single cooperative pivot point and locking
mechanism 1s provided capable of being engaged and oper-
ated to simultaneously folding the structural members of the
vehicle from an open/riding position such that the seat 1s
extended outward away from the structural member, and a
second/closed position at which the seat 1s locked into a
compact position where the seat 1s folded against or flush
with the second structural member, via the manipulation of
one of the structural members of the vehicle, such as, for
example, the seat-bearing structural member.

In addition, 1t will be understood that other accessories
may be incorporated with the vehicle, including, {for
example, baskets, lights, cup holders, cell phone chargers
and cradles, etc. Many of these accessories are described 1n
US Patent Pub No. US2016/0347397, the disclosure of

which 1s incorporated herein by reference.

DOCTRINE OF EQUIVALENTS

As can be inferred from the above discussion, the above-
mentioned concepts can be implemented 1n a variety of
arrangements 1n accordance with embodiments of the inven-
tion. For example, though the foldable vehicle has been
described 1n relation to an electric vehicle, 1t will be under-
stood that the construction and folding mechanism described
could be adapted for use with other propulsion types,
including, for example, a gasoline powered internal com-
bustion engine. Likewise, although the vehicle has been
described 1n relation to two wheel-bearing structural mem-
bers, 1t will be understood that any number of structural
members could be used along with the proposed vehicle
folding mechanism.

Accordingly, although the present invention has been
described in certain specific aspects, many additional modi-
fications and variations would be apparent to those skilled 1n
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the art. It 1s therefore to be understood that the present
invention may be practiced otherwise than specifically
described. Thus, embodiments of the present invention
should be considered in all respects as illustrative and not
restrictive.

What 1s claimed 1s:

1. A vehicle comprising;

a front and a rear wheel-bearing structural members
having first and second ends and each defining a
wheel-bearing structural member longitudinal axis,
cach of said wheel-bearing structural members having
at least one wheel assembly interconnected to the
second end thereof, a first wheel-bearing structural
member pivot iterconnection disposed at the first end
thereof, and a second wheel-bearing structural member
pivot interconnection disposed along a length thereof
between the first and second ends;

at least one seat-bearing structural member having first
and second ends and defining a seat-bearing structural
member longitudinal axis, the seat-bearing structural
member having a seating platform interconnected to the
second end thereof and at least two seat-bearing pivot
interconnections, a first seat-bearing pivot interconnec-
tion disposed at the first end thereof, and a second

seat-bearing pivot interconnection disposed along a
length thereof between the first and the second ends;
and

wherein the first wheel-bearing structural member pivot

interconnections disposed on the first ends distal to the
wheel assemblies are pivotably interconnected, and the
second wheel-bearing structural member pivot inter-
connections disposed on the lengths thereof are pivot-
ably interconnected with the seat-bearing pivot inter-
connections and are configured to cooperatively
interconnect to form a vehicle pivot mechanism such
that the structural members are pivotably intercon-
nected to move between at least two configurations:

a riding configuration wherein the longitudinal axes of
the two wheel-bearing structural member and the
seat-bearing structural members have angular oflsets
relative to each other, and

a Tolded configuration wherein the longitudinal axes of
the two wheel-bearing structural members and the
seat-bearing structural member are roughly parallel;
and

further comprising a pivot locking mechanism configured

to disengageably lock the structural members 1n at least
the folded configuration, wherein the pivot locking
mechanism comprises a latch disposed on the seat-
bearing member and configured to engage the first end
of at least one of the at least two wheel-bearing
structural members.

2. The vehicle of claim 1, wherein a portion of the front
wheel-bearing structural member pivots with the wheel
assembly.

3. The vehicle of claim 1, wherein the rear wheel-bearing
structural member 1s tubular.
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4. The vehicle of claim 1, wherein the latch 1s configured
to engage the first end of the rear wheel-bearing structural
member.

5. The vehicle of claim 1, wherein the latch 1s configured
to disengage when the seat-bearing structural member 1s
pivoted upward when in the second compacted configura-
tion.

6. The vehicle of claim 1, wherein the rear wheel assem-
bly comprises at least two wheels interconnected via a fixed
axle.

7. The vehicle of claim 1, further comprising at least one
clectric motor disposed within at least one of the wheel
assemblies and an energy storage device interconnected
therewith.

8. The vehicle of claim 1, wherein 1n the folded configu-
ration the seating platform 1s disposed above the first ends of
the wheel-bearing structural members.

9. The vehicle of claim 1, wherein at least one of the
wheel-bearing structural members comprises a plurality of
fenestrations configured to provide acess to the internal
volume thereof.

10. The vehicle of claim 1, wherein a steering mechanism
1s mounted to a front wheel-bearing structural member, the
steering mechanism being configured to controllably pivot
the wheel assembly mounted to the front wheel-bearing
structural member about the longitudinal axis of the front
wheel-bearing structural member.

11. The vehicle of claim 10, wherein the front wheel 1s
locked 1n a non-pivoting configuration relative the longitu-
dinal axis of the front wheel-bearing structural member 1n
the folded configuration.

12. The vehicle of claim 10, wherein the steering mecha-
nism comprises at least one handlebar, and wherein the
height and angle of the handlebar relative to the vehicle 1s
adjustable.

13. The vehicle of claim 1, wherein at least a portion of
the front wheel-bearing structural member defines an inter-
nal volume having an energy storage device disposed
therein.

14. The vehicle of claim 13, wherein the energy storage
device 1s removable from the internal volume.

15. The vehicle of claim 1, further comprising a seat
support disposed along the length of the seat-bearing struc-
tural member and slidingly engaged along the length of the
rear wheel-bearing structural members.

16. The vehicle of claim 15, wherein the axis of the seat
support 1s roughly orthogonal with the axis of the seat-
bearing structural member.

17. The vehicle of claim 15, wherein the seat support
comprises one of either a resilient wheel or a cylinder.

18. The vehicle of claim 1, wherein the rear wheel-bearing,
structural member and the seat-bearing structural member
are pivotably interconnected through an elongated linkage.

19. The vehicle of claim 18, wherein the front wheel-
bearing structural member comprises an indentation 1nto
which the linkage 1s disposed 1n the folded configuration.
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